Saliva inhibited several functional properties of polymorphonuclear leukocytes (PMNs) from murine peritoneal exudate, namely, luminol-mediated chemiluminescence (CL) induced by either Staphylococcus epidermidis or formylmethionyl-leucyl-phenylalanine (FMLP), phagocytosis, and killing of bacteria in vitro. The concentration of saliva in the reaction mixture that caused a complete inhibition of the CL response of PMNs to both S. epidermidis and FMLP was 25%. However, there was no catalase or superoxide dismutase activity in saliva that could influence the CL response of PMNs. The production of superoxide by PMNs stimulated with S. epidermidis was assayed in the presence or absence of saliva by inhibition of the reduction of cytochrome c by superoxide dismutase. In the presence of 50% saliva, 02 generation by PMNs was only 7 .3% of that observed in the absence of saliva. After gel filtration of salivary material through Sephadex G-25 or Sephacryl S-200, several fractions were obtained that inhibited the CL response of PMNs to either FMLP or S. epidermidis or to both. Two inhibitory fractions were analyzed. One contained immunoglobulin A, and the other contained a peptide which was composed of 14 different amino acids. The two fractions of high molecular weight included in the first protein peak of Sephacryl S-200 gel filtration were able to inhibit the CL response to S. epidermidis and to inhibit phagocytic activity, while fractions of low molecular weight (under 12,500 Mr) inhibited the CL response to FMLP and to S. epidermidis but did not inhibit phagocytic activity.
An appreciably large number of leukocytes that originate from the blood migrate into the oral cavity, through the epithelial junction, to the gingival crevice (10, 16, 17, 31) . A differential count has established that 98 to 99% of salivary cellular components are polymorphonuclear leukocytes (PMNs) (9, 10, 15) . These cells may exert a controlling influence on the oral microbial flora by phagocytosis, release of lysosomal enzyme, and emission of superoxide (9, 13, 18, 23, (27) (28) (29) (30) . It has been shown that salivary PMNs have defects in their phagocytic and bactericidal activities and that the antibody-dependent cell-mediated cytotoxicity of these PMNs is lower than that in the PMNs of peripheral blood (18, 21) .
The accumulation of PMNs in the gingival crevice is considered to have not only a protective but also a deleterious effect on the host tissue. Saliva and crevicular fluid are the most important factors influencing the oral milieu.
The bactericidal activities of PMNs can be divided into oxygen-dependent and oxygen-independent systems (22) . Actively phagocytizing PMNs and macrophages emit light as a result of chemiluminescence (CL), which is linked to the oxidative activity of the cells (8) . The luminol-mediated CL response depends on the production and release of HOCl radicals rather than on the release of superoxide, which is a part of the bactericidal activity of PMNs (5, 19) . The measurement of luminol-mediated CL has been used as a helpful tool for the assessment in vitro of intracellular killing and the opsonophagocytic function of PMNs.
The present study dealt with the effects of saliva and of fractions of saliva obtained by gel filtration on the CL response to either Staphylococcus epidermidis or formylmethionyl-leucyl-phenylalanine (FMLP (1), which is based on the fact that, in an aerobic xanthine oxidase system, the reduction of tetrazolium salts is inhibited by SOD. The cuvette contained 2.5 x 10-5 M 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT; Wako Pure Chemical Industries, Ltd., Osaka, Japan), 1 x 10-' M xanthine (grade V; Sigma), 3 .3 x 10-9 M EDTA, 0.05 M sodium carbonate, and various concentrations of SOD or saliva in a total of 3 ml. The inhibition of xanthine oxidase activity by SOD was determined from the increased absorption of the reaction mixture at 560 nm at 25°C, which was caused by the reduction of MTT (MTT-formazan).
Assay of catalase activity in saliva. Catalase activity in saliva was estimated from the rate of breakdown of H202 (7). A 2-ml portion of 0.02 N H202 and 10 ml of 0.33 M phosphate buffer (pH 7.0) were mixed in a flask, and 5 ml of saliva was added to the flask as the source of catalase. The mixture was incubated at 37°C for 5 min. The reaction was stopped by the addition of 1 ml of 2 N H2SO4, and then the residual H202 was titrated with 0.02 N KMnO4 solution. The amount of catalase (W) was calculated from the following formula: K = lit (ln S/S -x), where S = the concentration of H202 before the reaction, and S -x = the concentration of H202 after the reaction. Then, Kat f = KIW, where W is the weight (in grams) of catalase in the reaction mixture, Kat f (catalase factor) = 125,000, and K is the reaction velocity constant. Catalase from bovine liver (Sigma) was used as a standard for the measurement of catalase in saliva.
Fractionation of saliva. Saliva was divided into two portions by passing it through a collodion bag (12,500-dalton cutoff; Sartorius GmbH, Gottingen, Federal Republic of Germany). Both fractions were lyophilized, and 10 mg from each fraction was dissolved in 0. concentrations of saliva to the reaction mixture (Fig. 2) . A saliva concentration of 25% completely inhibited the CL response to S. epidermidis. Loss of reactivity of PMNs caused by saliva did not mean damage to the PMNs because the PMNs were able to respond rapidly to the stimulus when the saliva was removed from the reaction mixture, even after incubation with 50% saliva for 1 h at 37°C (Fig. 2a) .
The response of PMNs to FMLP (Fig. 2b) was inhibited nearly completely by 25% saliva. A trypan blue exclusion test proved that less than 2% of the cells were stained as well after 1 h of incubation with 100% saliva as without saliva.
Effect of parotid saliva on CL response of PMNs to S.
epidermidis. Individual samples of parotid saliva were collected, and the inhibition of the CL response of PMNs to S. epidermidis was examined. Figure 3 shows the mean and standard error of the mean (SEM) every 10 min after stimulation for five different samples in the presence of 50 or 100% parotid saliva and individual samples of 50% whole saliva. Both types of saliva inhibited the CL response of PMNs to S. epidermidis. Effect of saliva on phagocytosis and killing of S. epidermidis. The phagocytic ratio of PMNs was determined microscopically from specimens prepared at 2, 30, and 60 min from the time when the reaction mixture was placed at 37°C. In the presence of 50% saliva, the phagocytic ratio did not exceed 50% of the ratio of the control preparation in which phagocytosis occurred in the absence of saliva. In the presence of 100% saliva, the ratio was less than 10% of the control ratio (Fig. 4) . The effect of saliva on bacterial killing was estimated from the plate count of samples taken at the above times from the reaction mixture as compared with the plate count from controls which contained no saliva. Representative results are given in Fig. 4 . In the absence of saliva, a high rate of killing was observed during the first 30 min of incubation and the count of viable bacteria remained unchanged in the second 30 min of incubation. However, the rate of killing of bacteria by PMNs proved to be lower in the presence of 50% saliva than in its absence. enzyme. From the formula described in the Materials and Methods, the K value was calculated as 0.248. The dose of catalase in 1 ml of saliva was roughly estimated to be 0.38 ng, if it is assumed that the molecular weight of catalase (225,000) is constant in all mammalian species. Table 1 shows the effect on the CL response of PMNs when various concentrations of commercial catalase were added to the reaction mixture. Despite the addition of 100 times more catalase than is present in 50% saliva, CL was not inhibited.
SOD activity in saliva was assayed by the inhibition of xanthine oxidase activity. Dose-dependent inhibition of xanthine oxidase activity was observed upon the addition of commercially obtained SOD. However, the activity of the enzyme was unchanged by the addition of saliva to the reaction mixture.
Output of 2-. Generation of superoxide by PMNs which were stimulated with S. epidermidis was determined by the SOD-inhibitable reduction of cytochrome c in the presence or absence of saliva. The amount of 02 production was 0.125 + 0.035 nmol/min per 5 x 106 cells in the presence of 50% saliva and 1.76 ± 0.17 nmol/min per 5 x 106 cells in the absence of saliva. The amount of 02-produced by PMNs with bacteria and without complement and saliva was 1.14 ± 0.15 nmol/min per 5 x 106 PMNs. Effect of HMF and LMF on CL response of PMNs. Saliva was divided into two portions with a collodion bag which had a permeability limit of 12,500 daltons. The material remaining in the bag was dissolved by the addition of saline to give same volume as was present before filtration. The response that was caused by S. epidermidis but not that caused by FMLP was suppressed by the high-molecular-weight fraction of saliva (HMF) (Fig. 5) . However in the presence of the low-molecular-weight fraction of saliva (LMF), the response was inhibited irrespective of the nature of the stimuli.
Fractionation of LMF and effect of various fractions on CL response. A lyophilized sample of LMF (10 mg) was dissolved in 0.3 ml of distilled water and applied to a Sephadex G-25 column to fractionate the inhibitor of the CL response. The resulting profile of proteins (top) and the effect of each fraction on the response of PMNs to FMLP (middle) and to S. epidermidis (bottom) are shown in Fig. 6 . A 0.2-ml portion of each fraction was added to the reaction mixture to estimate the inhibitory effect of that fraction; 0. which coincided with a peak of protein was further purified by filtration on Bio-Gel P-4 and reversed-phase HPLC. This purified fraction showed a single peak of absorption at 220 nm (Fig. 7) . The amino acid composition of the peptide eluted last from the Sephadex G-25 column after rechromatography with Bio-Gel P-4 is shown in Table 2 . The amount of this peptide required to inhibit the response by 50% was 35 ,ug in the standard reaction mixture.
Fractionation of HMF from saliva and effect of various fractions on CL response. Figure 8 shows the profile of PMNs. The sample (10 mg of lyophilized sample) was applied to a Sephacryl S-200 column, and 3-ml fractions were collected. The presentation of the figure is the same as in Fig. 6. proteins obtained after fractionation of HMF through Sephacryl S-200 (top) and the effect of each fraction on the CL response to FMLP (middle) and to S. epidermidis (bottom). There were two different fractions which were able to inhibit CL stimulated by S. epidermidis, whereas no fraction inhibited CL stimulated by FMLP. The second inhibitory fraction, around the 20th tube, contained 0.089 mg of IgA in 0.2 ml of eluate, but no other immunoglobulin was detectable. The CL response inhibitor found in fraction 20 was increased by preincubation of this fraction with PMNs for 1 h at 37°C (Table 3 ). The percentage of inhibition of the CL response was increased from 44.2 to 90.5% by preincubation. The inhibitory activity of this fraction was lost by the absorption of the fraction with 10 mg of rabbit anti-human IgA Immunobeads. IgA from colostrum was used a reference standard for the IgA-containing fraction, and the inhibitory effect of IgA was confirmed (Table 3) . Effect of major proteins from saliva on phagocytosis. The phagocytic activity of PMNs was assessed from the phagocytic ratio and the total number of bacteria in 100 PMNs with or without added fractions of saliva. The most prominent proteins were chosen from the fractions of HMF and LMF. There was no fraction which inhibited phagocytic activity among the fractions from the Sephadex G-25 column, while among the fractions from the Sephacryl S-200 column, there were two fractions, around fractions 15 and 20, that reduced the phagocytic activity of PMNs, as demonstrated by changes in the two parameters mentioned above. These inhibitory fractions were coincident with the fractions that inhibited the CL response of PMNs to S. epidermidis (Table  4 ). The inhibitory activity of the IgA-rich fraction was reduced by treatment of this fraction with anti-human IgA Immuno-beads.
Effect of saliva on CL response of human PMNs to S.
epidermidis. The inhibitory effect of saliva on human PMNs was examined by using human peripheral blood PMNs. The function of PMNs in the oral milieu, especially sulcular PMNs, was examined by Wilton et al. (29) , who found that sulcular PMNs phagocytized fewer latex beads or spores of Candida albicans than did PMNs from blood.
However, the killing capacities of the two populations were the same. Furthermore, the deficient phagocytosis of crevicular PMNs was due to functional blocking of the C3b receptor on the PMNs, and a similar defect could be demonstrated with the PMNs from blood by preincubation of these in both crevicular fluid and saliva.
CL results from the light energy produced by the PMNs during their interaction with the bacteria or other stimulants, and the CL response by PMNs has been demonstrated to correlate well with the integrity of antibacterial properties. Iwase PMNs (20) .
It is known that PMNs exploit two bactericidal mechanisms, which are oxygen dependent and oxygen independent, respectively. However, the bactericidal effect is largely accomplished by means of an oxygen-dependent microbicidal system which employs a group of lethal oxidases as antimicrobial agents, and the PMNs generate those oxidases when they are stimulated. The precursor of the lethal oxidants is superoxide. The CL response of PMNs to FMLP reached a maximum 3 or 4 min after stimulation, whereas the CL response to S. epidermidis reached a maximum after more than 50 min. Therefore, it seems that the latter response reflects an oxidative metabolic response of these cells after the phagocytosis of the bacteria.
Inhibition of SOD-inhibitable reduction of cytochrome c occurred in PMNs stimulated with S. epidermidis in the presence of 50% saliva, indicating a suppressive effect of saliva on the generation of superoxide by PMNs. Many studies have suggested that SOD and catalase, which may be included in the salivary components and which can act as scavengers of superoxide, can also inhibit the CL response and bactericidal activity of PMNs (1, 14, 26) . However, the possibility that these enzymes inhibit the functions of PMNs may not be valid because of the small amount of such activities in the saliva.
Saliva was separated into HMF and LMF by using a collodion bag with a molecular size cutoff of 12,500 daltons. The HMF inhibited the CL response to S. epidermidis and the phagocytic activity of PMNs, but not the response to FMLP. The LMF inhibited the CL response to both the bacteria and FMLP, whereas there was no inhibition of phagocytic activity of PMNs. The LMF and HMF were applied to Sephadex G-25 and Sephacryl S-200 columns, respectively. Gel filtration of HMF yielded two active fractions, and one of the fractions contained 0.089 mg of IgA per 0.2 ml. Using commercial IgA from human colostrum, we confirmed the inhibitory activity of IgA against the CL response and phagocytosis at a concentration of 0.1 mg of IgA per ml. Among the fractions of LMF obtained after gel filtration on Sephadex G-25, there were four fractions which inhibited the CL response to either S. epidermidis or FMLP. However, except for the last peptide fraction eluted, there was no coincidence between the A230 or A280 and the intensity of any suppressive effect on the CL response, indicating the possible presence of active substances which are not proteins. The purity of the peptide was estimated by chromatography on Bio-Gel P-4 and reversed-phase HPLC. In each case, a single peak was obtained. The peptide contained 14 different amino acids. Although from the molar weight composition it appeared that the peptide was composed of 50 amino acid residues, the elution of the peptide on Sephadex G-25 and Bio-Gel P-4 and the loss of A230 after dialysis of the material against distilled water in cellulose tubing with a molecular size cutoff of 2,000 daltons suggested that the material is a mixture of a few short peptides with similar chromatographic properties. Alternatively, the material may be very unstable in water.
There are inhibitors of the response of PMNs, such as human serum albumin (2) and the lipid-soluble fraction (6) , in normal tissue. The levels of serum albumin (0.002 mg/ml) and the lipid-soluble fraction, such as fatty acids (0.01 mg/ml as whole fatty acids), in whole saliva are too low to inhibit the function of PMNs.
There are some reports of the ability of IgA to reduce the (24, 28) . In another study, IgA was shown to decrease the phagocytic activity of IgG-coated bacteria (3). Our results demonstrated that an IgA-rich fraction had an inhibitory effect on both phagocytosis and CL of murine PMNs in response to S. epidermidis. It is not clear how murine PMNs interact with human IgA, but the active fraction of saliva which contained IgA lost its ability to inhibit the functions of PMNs after absorption with antihuman IgA antibody-conjugated beads. There are reasons why we used murine PMNs; murine PMNs were easy to get, their CL values were relatively constant among mice, and they remained viable for long times (more than 7 h for murine PMNs as opposed to 3 h for human PMNs). In the preliminary experiment, murine PMNs treated with either IgA or whole saliva were stained with fluorescein isothiocyanate-conjugated anti-human IgA antibody at a rate of 34 to 38%. This suggests the presence of a common receptor for human IgA on both PMNs. Purification of unknown substances in saliva apd elucidation of their inhibitory mechanisms will be required before these effects can be fully explained.
